Cluster headache is an uncommon, highly debilitating primary headache, characterized by brief, severe, unilateral headaches, accompanied by homolateral eye reddening, lacrimation, rhinorrhea, ptosis, etc. [1] . These attacks occur in cluster periods lasting weeks or months. The etiology and pathogenesis of this headache have not been clearly established. Until fairly recently, the disease was considered to be sporadic. However, a family history of cluster headache is reported in 2%-7% of patients [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Furthermore, the condition was described in both members of five pairs of monozygotic twins [16] [17] [18] and in three generations of a single family [19] [20] [21] . A Danish study [15] on cluster headache patients attending neurological clinics in Arhus, east-central Jutland, and Copenhaghen County, found that 7% (25 of 366) of patients had a family history of cluster headache, with 25 first-degree relatives and six second-degree relatives affected. The relative risk for the illness was 14-and 2-times greater, respectively, in first-and second-degree relatives of patients with cluster headache than in the general population. These findings constitute strong prima facie evidence that cluster headache has a heritable component in at least a fraction of patients. We designed a study to uncover evidence that genetic factors play a role in the genesis of cluster headache in an Italian population of cluster headache patients. To this aim, we assessed the relative risk of cluster headache in first-and second-degree relatives of cluster headache patients attending our headache center in Milan.
Abstract A Danish genetic study showed increased risk of cluster headache (CH) among relatives of CH patients. We studied the families of 191 CH patients (118 males, 73 females; mean age 45.9 years) attending the Milan Headache Center. Information on 3589 relatives was collected by direct interview of the probands (n = 118) or by mailed questionnaire (n = 73). The diagnostic criteria of the IHS were used. A positive family history was found in 19% (37 of 191) of the families. A total of 32 first-degree (32 of 1036, 3.1%) and 15 seconddegree (15 of 2553, 0.6%) relatives were affected. The relative risk of CH was 26.89 (95% CI, 17.57-36.21) in first-degree relatives and 4.35 (95% CI, 2.13-5.21) in seconddegree relatives. This study shows increased familial risk of cluster headache in an Italian population and confirms that cluster headache is, in some families, an inherited disorder.
S166
Italian origin, alive, and diagnosed with cluster headache according to International Headache Society (IHS) criteria [1] . All underwent physical and neurological examination, cerebral computed tomography (CT) or magnetic resonance imaging (MRI) to exclude other general or neurological conditions. In 118 patients, information was obtained by direct interview during outpatient consultation or admission, and in 73 by means of a questionnaire sent by mail. In all cases, information on age at onset, duration of illness, frequency of attacks, duration of cluster period and attacks, character, location and intensity of the pain, and accompanying autonomic signs was collected. The number, sex and age of firstdegree and second-degree relatives, and whether or not they suffered from cluster headache were also ascertained. Living relatives reported as having cluster headache by the probands were interviewed by telephone to confirm or otherwise their condition. Relatives were interviewed when the proband reported phenomena reminiscent of possible cluster headache: unilateral head pain of brief duration ("a few hours"), pain attacks occurring in clustering or excruciating pain episodes, or pain episodes similar to those reported by the proband. Diagnosis of cluster headache in the relatives was done according to IHS criteria. For deceased relatives suspected of having suffered from cluster headache, the diagnosis was accepted only if the information provided by relatives was sufficiently detailed to apply the IHS diagnostic criteria for cluster headache.
Statistical methods
The probability that probands' relatives had cluster headache was estimated as a relative risk calculated by dividing the number of first-and second-degree relatives having the illness by the expected number as determined from the prevalence of cluster headache in the general population. Specifically the expression for relative risk is: Prob (relative is affected | proband is affected) Prob (random member of the population is affected) A family aggregation is implied when the relative risk significantly exceeds 1. The figure we used for the prevalence of cluster headache was based on that obtained in a study conducted on the population of San Marino [22] . In that study, the prevalence was 69 per 100 000 for all ages combined. Since the prevalence of cluster headache varies with sex and age, and there were insufficient numbers affected in San Marino, to obtain reliable sex-and age-specific estimates of prevalence the overall prevalence of the San Marino survey was combined with the distribution of sex-and age at onset of probands of a previous Danish study [15] . This provided sexand age-specific prevalences of cluster headache (first-degree relatives only, because the ages of the second-degree relatives were often missing).
The relative risk of cluster headache was calculated for firstdegree and second-degree relatives. We determined 95% confidence intervals (95% CI) for the frequency of cluster headache in first-and second-degree relatives and relative risk by assuming that the number affected followed a Poisson distribution. If there was more than one proband in a single family, the youngest was taken as the reference case and the family was counted only once.
Results
Of the 3589 relatives mentioned by the 191 probands, 1036 were of first degree (488 women and 548 men) and 2553 were of second degree (1234 women and 1319 men). A family history of cluster headache was reported by 37 (19%) of the probands (13 women and 24 men). The total number of affected relatives was 47 (47 of 3589, 1.3%). Of these, 11 were deceased but in all cases the information given by the probands was sufficient to diagnose cluster headache according to IHS criteria [1] . Thirty-two of the affected relatives were of first degree (32 of 1036, 3.1%; 15 women and 17 men) and 15 were of second degree (15 of 2553, 0.6%; 5 men and 10 women) ( Table 1 ). The relative risks for cluster headache among the probands' family members were 26.89 (95% CI, 17.57-36.21) for firstdegree relatives and 4.35 (95% CI, 2.13-5.21) for seconddegree relatives (Table 2) . 
Discussion
This study has revealed that the relatives of an Italian population of cluster headache patients have a much greater risk of developing the disease than the general population. The risk is particularly high for first-degree relatives, but is less so for second-degree relatives. These findings are in agreement with those of a previous study on a Danish population of cluster headache patients [15] , and provide further evidence that in some patients a genetic component influences the development of cluster headache. In theory, one cannot exclude that the increased familial risk is due to some shared environmental factor. However, the very high relative risk among first-degree relatives indicates that this an extremely unlikely possibility [23] . Among the possible limitations of the present study, we note that the probands were not selected from the general population but from a specialized headache center. There is also the fact that the general population data we used were extrapolated from a study conducted before the introduction of the International Headache Society diagnostic criteria [22] . It is also important to note that 30 (25%) of the 118 probands of the study interviewed directly referred to family members with cluster headache, while only 7 (9.5%) of the 73 probands sent postal questionnaires did so. This indicates that the method of postal interview may result in underestimation of the extent of family involvement among cluster headache patients. To conclude, our study provides further indication that cluster headache has a hereditary component in some families. Future studies will aim to identify the gene or genes involved. 
